Experiment was conducted during two consecutive years (2009 & 2010) in order to study "Effect of some agricultural treatments on Jatropha curcas cultivated under Aeolian deposits" at Toshka Research Station, of the Desert Research Center (DRC) in Aswan. The experiment conducted in randomized blocks with split-split plot design. The studied treatments were three: drip irrigation 12, 8, and 4Lh -1 (main plot), nitrogen (sub plot) with rates of 30, 60 & 90 kgfed -1 and sulfur (sub-sub plot) with rates of 15 and 30 kgfed -1 . Each treatment was replicated three times. There was a reference treatment of no-N, no-S and irrigated by 4 Lh -1 ). Soil moisture (Saturation percent), temperature, acidity, salinity, cation exchange capacity, organic matter, and available N, P and K) were determined. Growth characteristics of plant height, stem diameter, crown cover and crown volume were also determined. Fruits yield/tree, fruits yield/fed, seed yield/tree, seed yield/fed, oil yield/fed and biodiesel yield l/fed) were also determined. Content of oil, protein in seeds, as well as NPK uptake were also determined.
INTRODUCTION
Jatropha (Jatropha curcas L.) is a monoecious perennial belonging to the Euphorbia family. Seeds contain 35-40% oil. Oil cake of jatropha seed contains 3.2-4.4% N, (Oliveira and Dias, 2007) . It grows on well-drained wellaerated soils and is well adapted to marginal soils with low nutrient contents. In many African countries, it is grown as a live fence and can be used to reclaim eroded areas. It has a high yield in oil, which can be used as fuel for diesel engines as well as for medical and insecticidal purposes (FACT Foundation, 2006) . The Jatropha shrubs have been introduced into Egypt, and researches are being conducted regarding adaptability of this plant under Egyptian conditions. The nitrogen and sulphur requirements of crops are closely related, because both nutrients are required for protein synthesis. Sulphur is involved in the synthesis of chlorophyll and is also required for the synthesis of oil (Marschner, 1986) . The shortage in sulphur supply for crops decreases the N-use efficiency of fertilizers (Ceccoti, 1996) . Consequently, the poor efficiency of N caused by insufficient S needed to convert N into biomass production may increase N losses from cultivated soils (Malhi et al., 2007) . S fertilizer application also improves N-use efficiency and thereby maintains a sufficient oil level and fatty acid quality (Fismes et al., 2000) .
Water is a major constituent of tissue, a reagent in chemical reaction, a solvent for translocation of metabolites and minerals within plant and is essential for cell enlargement through increasing turgor pressure. Water deficits disrupts physiological processes associated with growth are affected and under severe deficits, death of plants may result. Farahat (1990) in study on Schinus molle, Schinus terbinthifolius and Myoporum ocminatum, Mazher et al. (2010) on Jatropha curcas L seedlings, found that plant height, stem diameter and fresh and dry weight of leaves, stem and root decreased with prolonging the water intervals.
Desert environment, such as Toshka region, is characterized by extreme arid climate associated with mechanical weathering. This leads to processes of exfoliation, splitting and crushing of soil materials which lead to transporting the deposits by wind. The decisive factor which plays a fundamental role in this desert environment is the wind speed.
The present study was undertaken to evaluate the effect of various combinations of N and S fertilizers with different irrigations on growth development, seed yield and oil content of Jatropha grown on the aeolian deposits at Toshka.
MATERIALS AND METHODS
Two experiment were carried out during two successive years (2009 and 2010) to study the effect of some agricultural treatments on jatropha grown on aeolian deposits at the Experimental Farm (well No.80), Desert Research Center (DRC), at Toshka area which located at 22 km north-west of Abu Simbel City, belong to Aswan Governorate, Western Desert (22°32′16″N, 31°30′40″E). Soil particle distribution and soil chemical properties before the experiment are shown in Table 1a A separate treatment receiving neither N nor S and irrigated with 4Lh -1 was also conducted as a reference treatment. Thus the total number of treatments is 18 (3irrigation × 3N × 2S) + 1 reference treatment = 19 treatments. Jatropha cuts were cultivated in February 2009 under 2mx2m spacing. Nitrogen was applied in (NH 4 ) 2 SO 4 form and S in elemental sulphur. Recommended doses of P and K were applied in the form of ordinary Casuper phosphate (6.6% P) and potassium sulphate (40% K). Nitrogen was applied in two equal split doses i.e., 1 st half in April with full dose of S, P and K and the 2 nd half after one month of 1 st application. The average values of five plants were considered for analysis. Determination -Some physical and chemical analysis of soil at 0-30 and 30-60cm were determined for each treatment after harvesting the crop as described by Klute (1986) ; Richards (1954) and Jackson (1967) . -Growth characters such as plant height, stem diameter, crown cover and crown volume were determined. Crown cover (m 2 ) and crown volume (m 3 ) was calculated by the method described by (Thalen 1979) .
-Yield component and yield of jatropha shrubs were determined. The oil was extracted from seeds by using hexane as solvent in soxhlet apparatus Sadasivam and Manickem (1992) . Biodiesel yield (l fed -1 ) was calculated by the following formula (Biswas et al., 2010) : Biodiesel yield = Seed yield (kg fed -1 )/ 3.28
Statistical methods:
Data were subjected to statistical analysis according to Gomez and Gomez (1984) . Least significance difference L.S.D.at 0.05probability was applied for comparing means.
RESULTS AND DISCUSSION

Effect of irrigation, nitrogen and sulfur levels on some soil physical and chemical properties:
It is clear from Table3 that irrigation at 8 and 12 Lh -1 along with adding N and S affected physical and chemical properties of the experiment soil as follows: Ranges of saturation percent (SP), cation exchange capacity (CEC) and the content of organic matter (OM) were (23.19-29.86% for SP), (2.19-3.24Cmolckg -1 for CEC) and (0.14-0.26% for OM) with averages of 27.33%, 2.78 cmolckg -1 and 0.20% for SP, CEC and OM, respectively. The highest values are shown by the combination of 30 kg S + 90 kg N under the irrigation rate of 12Lh -1 in subsoil (30-60 cm), while the lowest was by the combination of 15 kg S +30 kg N under the irrigation rate of 4Lh -1 in the topsoil (0 -30 cm). Also, it was noted that the lowest values under the different studied treatments were higher than of its counterparts in the reference treatment. In contrast, the lowest values of both temperature and soil pH is shown by the combination of 30kg S + 90kg N under the irrigation rate 12Lh -1 in subsoil (30-60 cm), while the highest ones are by the combination of 15kg S + 30kg N under the irrigation rate 4Lh -1 in topsoil (0-30 cm). Range of temperature is (26.1-32.0, with an average of 29.5 C 0 ), whereas that for pH is (6.99 -7.65 with an average of 7.24). It was observed that the high values under the different studied treatments were lower than of its counterparts in the reference treatment. Soil salinity (EC) varied among the treatments. The EC values ranged from 2.36 to 3.10 with an average of 2.69dsm -1 . Besides, it was noted that increasing rates of nitrogen and sulfur application increased EC values. Decreasing irrigation rates increased EC values. Generally, the values of EC in the topsoil (0-30 cm) were higher than those in the subsoil (30-60 cm) and the EC of soil receiving N, S and irrigated with 8 and 12Lh -1 was lower than those in the reference treatment. Statistical analysis of the correlation between the studied factors and different soil physical and chemical properties (Table, 4 
) indicate the followings:
Irrigation had no significant correlation with cation exchange capacity (CEC). However, it had a highly significant positive correlation with saturation percent (SP), electrical conductivity (EC) and organic matter (OM). Besides, Irrigation had a highly significant negative correlation with temperature and a significant negative correlation with each of soil pH.
Table3: Physical and chemical soil properties after treatments at the end of the experiment. Nitrogen had no significant correlation with both temperature and EC. However, it had a highly significant positive correlation with SP and CEC and only significant positive correlation with OM. It had significant negative correlation with pH.
Sulfur had significant positive correlation with each of SP, CEC and OM, while it had significant negative correlation with temperature, pH and EC. These results are in agreement with those obtained by Draz and El-Maghraby (1997) and Zaghloul (2006) .
Effect of irrigation, nitrogen and sulfur on the vegetative growth characteristics and yield values:
As general data in Table 5 show that there were differences between the effects of the different treatments of irrigation, nitrogen and sulfur on the vegetative growth parameters, (plant height, stem diameter, crown volume and crown cover) and on yield (the fruit yield/tree, fruit yield/fed, seed yield/tree, seed yield/fed, biodiesel yield/fed, oil yield/fed, oil content and protein content in seeds) as follows:
i -Effect of irrigation treatments on vegetative growth and yield values: a -Effect of irrigation treatments on vegetative growth characteristics:
There were significant differences between the different irrigation treatments and the highest values for vegetative growth characteristics were for the 2 and 8 Lh -1 irrigation treatment and the lowest value was for the 4 Lh -1 treatment.
There was a significant increase in the volume and cover crown with at the 12 Lh -1 treatment as compared with 8 Lh -1 one. There were no significant differences between the same two levels on each of the plant height and the stem diameter in the first year. The same trend occurred in the second year with the exception that there was no significant difference between the 12 and 8 Lh -1 treatments on the diameter of the crown. These results are in agreement with Mazher et al. (2010) and Patolia et al. (2007) .
b-Effect of irrigation on yield characteristics:
As shown in Table 6 , it is clear that there are significant differences between irrigation treatments on the yields of jatropha, while there were no significant differences between the 12 Lh-1 and 8 Lh-1, except that there are significant increase for oil % at the level of 12 Lh-1 compared with the 8 Lh -1 treatment. A similar trend occurred in the second year. These results are similar to those of Yin et al. (2010) .
ii -Effect of Nitrogen on vegetative growth and yields: a -Effect of nitrogen on vegetative growth characteristics:
Generally, values of vegetative growth characteristics were higher under the effect of the different treatments of nitrogen application compared to the reference treatment. Growth values increased with the increase in nitrogen application. By increasing the levels of N application from 30 kg to 90 kgfed -1 vegetative growth characteristics increased by 28, 23, 119 and 67% for plant height, stem diameter, crown volume and crown cover, respectively in the 1 st year. Similar trend occurred in the 2 nd year.
b -Effect of nitrogen on yields:
Yield values increased with increasing the level of nitrogen application. The highest values were obtained at the level of 90 , 274.5 l diesel fed -1 and 335 liter oil fed -1 in the 1 st year. It was noted the same trend was attained in the 2 nd year. These results are in accordance with those of Haneklaus et al. (1999) and Malhi et al. (2007) .
iii -Effect of sulfur on vegetative growth and yields: a -Effect of sulfur on vegetative growth characteristics:
The increase in the level of sulfur application resulted in significant increase in the vegetative growth characteristics. The highest values occurred at the level of 30kgSfed -1 which gave the followings in the 1 st year: 1.91 m, 0.30 m, 0.35 m 3 , 2.16 m 2 for plant height, stem diameter, crown volume and crown cover, respectively. The same trend was observed in the 2 nd year, except that there was no significant difference between levels 15 and 30 kg fed -1 on the stem diameter (0.31 m) but it was greater than that in the reference treatment (0.20m). The same trend was noted in the 2 nd year.
b-Effect of sulfur on the yields:
In both years, it was observed that the increase in the rates of sulfur led to a significant increase in the different yield of values, but there were no significant differences between levels 15 and 30 kg fed -1 on the seed protein content. These results are in accordance with those obtained by Fismes et al. (2000) .
iv -The effect of interaction between the of irrigation, nitrogen and sulfur on the vegetative growth characteristics and yields:
As shown in Tables 6 & 7, in general, it is clear that there were significant differences in the effect of interaction between irrigation, nitrogen and sulfur on vegetative growth and yield characteristics as follows: a. Effect of interaction between irrigation, nitrogen and sulfur on vegetative growth characteristics: As shown in Table 6 , it is clear that there are significant differences between the treatments of the studied factors on the vegetative growth characteristics. The highest values were found at 30 kg S fed -1 under 90 kg N fed -1 under the 12 Lh -1 irrigation, where it was 2.19 m, 0.37 m, 0.57 m 3 and 2.98 m 2 for plant height, stem diameter, crown volume and crown cover, respectively. It was also noted that no significant differences between the effect of the 12 and 8 Lh -1 irrigations either at 15or 30 kgSfed -1 under the 90 kg N fed -1 on plant height and crown cover. On the other hand, the lowest values were observed at 15 kg S fed -1 under the level of 30 kg N fed -1 under the irrigation rate of 4Lh -1 . Similar trend was noticed in the 2 nd year, except that, there were significant differences between the effect of the 12 and 8 Lh 
b. Effect of interaction between the treatments of irrigation, nitrogen and sulfur on the yields:
As shown in Table 7 , it is clear that there are significant differences between the treatments of the studied various factors on the yield characteristics, where the highest values were noticed at the 30 kg S fed , which was 39.85% for oil, 24.55% of protein. These results are in agreement with Yin et al. (2010) and Suriharn et al. (2011). 7
Effect of irrigation, nitrogen and sulfur treatments on seeds macronutrients (NPK) uptake:
As shown in the Table 8 , it is clear that in both years there were positive significant differences between the levels of irrigation, nitrogen and sulfur on seeds uptake of N, P and K.
Table8: Effect of irrigation, nitrogen and sulfur rates on macronutrients (NPK) uptake by Jatropha curcus seeds. In general, all values under the different used levels were higher than those of the reference treatment.
Factors
a. Irrigation effect:
The highest values of uptake of nutrients by seeds were resulted by the 12Lh -1 treatment, while the lowest ones were obtained by the 4Lh -1 treatment. The increases were 16.8, 23.7 and 19% for N, P and K, respectively, in the 1 st year for 12Lh -1 treatment compared with the 4Lh -1 treatment. The same trend occurred in the 2 nd year. b. Nitrogen effect:
Data shown in Table 8 indicate that increasing rates of added nitrogen from 30 to 90 kg fed -1 resulted in an increase in seeds macronutrients uptake, and this increase represents 18.2, 13.0 and 15.6% for each of N, P and K, respectively, at the level of 90kg Nfed -1 compared with 30kg Nfed -1 in the 1 st year. Similar trend occurred in the 2 nd year. c. Sulfur effect: Table 8 shows that, raised sulfur level from 15 to 30kg fed -1 increased the uptake of N, P and K in seeds, where they represented about 3.6, 3.9, 3.7% for N, P and S, respectively, at the 30kg S fed -1 compared with the 15kg Sfed -1 in the 1 st year, but this increase was lower than those resulting increase at the highest rate of irrigation and the highest level of nitrogen. The same trend occurred in the 2 nd year.
d. Effect of interaction between the treatments of irrigation, nitrogen and sulfur on seeds macronutrients (NPK) uptake:
As shown in Table 9 it is clear that there were significant differences between the different levels for each of the irrigation, nitrogen and sulfur on the seeds macronutrients uptake.
The highest values were present at the 30kg S fed -1 under the 90kg N fed -1 under the 12Lh -1 irrigation, where these values, in the 1 st year, were 28.75, 13.97, and 12.18 mgkg -1 seeds for each of N, P and K, respectively. These values did not differ significantly from the same levels of nitrogen and sulfur under the 8Lh -1 irrigation. On the other hand, the lowest uptake values by seeds occurred with 15kgSfed -1 under the level 30 kg N fed -1 under 4Lh -1 irrigation. The same trend occurred in the 2 nd year. The greatest benefit from fertilizer application can be derived under irrigated conditions, where water supply is least likely to limit nutrient uptake. With adequate nutrient supply, plants that are limited in growth due to moisture stress would have a higher percent of mineral nutrients than plants under comparable fertility but not limited in growth by moisture supply (Michael, 1981) .
Table9: Effect of interaction among irrigation, nitrogen and sulfur rates on macronutrients uptake in seeds Jatropha curcus shrubs. 
CONCLUSION
The results indicate that jatropha shrubs treated with different irrigation rates, and fertilized with nitrogen and sulfur play an important role of improving of physical and chemical soil properties. Increasing irrigation rates and levels of N and S resulted in significant increase in vegetative growth and yield characteristics. Also, seed oil content, diesel content and NPK uptake were increased. there was no significant difference between the rate of 12 and 8Lh -1 on most of vegetative growth and yield characteristics. The highest values of vegetative growth and yield characteristics were found at the level of 30kg Sfed -1 under the level of 90kg Nfed -1 under the irrigation rate of 12Lh -1 .
Table5:Main effects of irrigation, nitrogen and sulfur treatments on vegetative growth and yields of Jatropha curcus shrubs. 
Growth and Yield Parameters
